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(54) Continuous forming device of FRP square pipe 



(57) A device 1 for continuously manufacturing an 
FRP square pipe includes a core 1 0 having a long length 
for laminating prepreg sheets thereto, and prepreg 
sheets are supplied from prepreg-sheet laminating de- 
vices 20, 30, 40, and 50 to said core 1 0 covered with a 
release film, said laminated sheets laminated into the 
shape of a square pipe. Said core 10 has an outer di- 
ameter size smaller than the inner diameter size of the 
square pipe to be manufactured. A pre-expansion de- 



vice 80 expands said laminated prepreg sheets to the 
shape of a square pipe having a predetermined inner 
diameter size, and a hot press device 1 00 heats and 
pressurizes the pipe. The pipe is then additionally heat- 
ed in a postcure furnace 1 1 0 to complete the forming 
process. A pulling device 130 arranged downstream of 
a cramp device 120 pulls out said square pipe intermit- 
tently. A cutter not shown cuts said square pipe to pro- 
duce the desired product. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a device for 
continuously forming a square pipe made of a light- 
weight, high-strength FRP (fiber reinforced plastic) uti- 
lized in an aircraft, or a square pipe made of FRP utilized 
as an architectural material. 

DESCRIPTION OF THE RELATED ART 

[0002] A conventionally known method for forming an 
FRP square pipe is called a pultrusion (protrusion) 
method, where fiber is first impregnated with resin be- 
fore being guided into a heated mold thereby curing the 
resin. However, this conventional method restricts the 
ratio of fiber content in the material, and the fiber orien- 
tation in the material is easily disordered, so it is difficult 
to produce a formed product having high quality. On the 
other hand, a productformed of a prepreg material (fiber 
impregnated with resin and then semi-cured) can have 
higher ratio of fiber content and the fiber orientation can 
be uniform, so such product is used to manufacture 
high-strength parts used in an aircraft and the like. 
[0003] A conventional method for forming an FRP 
square pipe using a prepreg material involves providing 
a moid- release treatment to a metallic square column to 
be used as a core, laminating a predetermined number 
of layers of prepreg sheets to the core, and forming the 
desired shape by an autoclave. However, when the 
length of the desired product is long, the autoclave and 
the device for drawing out the metallic square column 
after curing the material must also be large, so a larger 
facility is required. 

[0004] Another method for forming the FRP square 
pipe involves using a silicon rubber tube and the like as 
core, and after laminating the prepreg material to the 
tube, the laminated material is placed inside an external 
mold, and inner air pressure is provided to the material 
to form the desired shape. Only small pulling force is 
required according to the second method, but an exter- 
nal mold must be prepared, and the method involves 
another problem related to the durability of the silicon 
rubber tube. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides a device capa- 
ble of continuously forming a high-quality square pipe 
using prepreg material, that can be used in an aircraft 
and the like, and that requires a smaller number of ex- 
trinsic equipment. 

[0006] The device for continuously forming an FRP 
square pipe according to the present Invention compris- 
es a device for sequentially laminating a release film and 
a prepreg material sheet cut to have predetermined 
widths onto a square pipe made of aluminum having an 



outer diameter that is smaller than the inner diameter of 
the square pipe to be formed, a pre-expansion device 
placed before a mold for expanding the laminated pre- 
preg material in the radial direction so that its inner di- 

s ameter matches the inner diameter of the product, and 
a hot press that is opened and closed corresponding to 
the movement of a pulling device. The pulling device 
moves the formed product for a predetermined length 
when the hot press is opened. The aluminum square 

10 pipe functioning as the core is pulled toward the pulling 
device from the hot press, and is supported by a device 
capable of taking out the center piece even during the 
forming process. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 

FIG. 1 is an explanatory view showing the structure 
20 of the continuous forming device of an FRP square 
pipe according to the present invention; 
FIG. 2 is a perspective view of the laminating device 
of prepreg sheets; 

FIG. 3 is an explanatory view showing the core of 
25 the laminating device of prepreg sheets; 

FIG. 4 is an explanatory view showing the pre-ex- 
pansion device; 

FIG. 5 is an explanatory view showing the layout of 
the hot press device, the postcure furnace, the 
30 cramp device, and the pulling device; 

FIG. 6 is an explanatory view showing the core of 
the pulling device; and 

FIG. 7 is a chart showing the timing of operation of 
the devices. 

35 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0008] FIG. 1 is an explanatory view showing the 
^0 structure of a continuous forming device of FRP square 
pipe according to the present invention. 
[0009] The continuous forming device of an FRP 
square pipe shown as a whole by reference 1 is 
equipped with a long core member 1 0 having an exter- 
45 nal diameter smaller than the Inner diameter of the 
square pipe to be manufactured. The core 1 0 Is for lam- 
inating a required amount of prepreg sheets to the out- 
side thereof, and the length of the core is set so that the 
prepreg sheets can be laminated thereto. 
so [0010] Actually, the length of the core must be as long 
as approximately 10 m, so the core is made of a light- 
weight metal such as aluminum, and the ends thereof 
are supported by stands. 

[0011] Lamination devices 20, 30, 40, and 50 are ar- 
55 ranged at 90-degree-intervals around the core 1 0. 
[0012] FIG. 2 is a perspective view showing the struc- 
ture of the device for laminating prepreg sheets, and 
FIG. 3 is an explanatory view of the core. 
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[0013] The prepreg-sheet laminating devices 20 and 
30 are respectively arranged above and under the core 
10 that is positioned with its two opposing corners ar- 
ranged in the vertical direction. The prepreg-sheet lam- 
inating devices 40 and 50 are arranged horizontally with 
the core 1 0 positioned at the center between the two 
devices. 

[001 4) The prepreg-sheet laminating device 20 ar- 
ranged above thecore 1 0 includes plural stations 21 and 
22. 

[0015] Each station has the same structure. The first 
station 21 is equipped with two supply reels 21 a for sup- 
plying the prepreg sheets. Each supply reel includes a 
film-takeup roll, which spools the removed film adhered 
to the surface of the tacky prepreg sheet. The supplied 
prepreg sheet has a width size corresponding to two of 
the four sides of the square column-shaped core. 
[0016] The supplied prepreg sheet Is guided by a cy- 
lindrical first roll 21c so that the center of the sheet is 
positioned on one corner of the core 1 0, and the center 
portion is pushed onto the corner of the core by a second 
roll 21 d. A third roll 21 e laminates the whole prepreg 
sheet on the surface of the core 1 0. 
[0017] Preceding the lamination of the prepreg sheet 
to the surface of the core 10, a film called a release film 
is supplied to the surface of the core 1 0 that is used for 
removing the manufactured FRP square pipe from the 
core 10. The release film drawn out from supply reels 
61 and 62 mounted to the stand 12 of the core 10 is 
laminated to the surface of the core 10 by guide rolls 
61a and 62a. 

[0018] According to the embodiment shown in FIG. 1, 
two sets of prepreg-sheet laminating devices 21 and 22 
are arranged above the core 10, and two sets of pre- 
preg-sheet laminating devices 31 and 32 are arranged 
below thecore 10. 

[001 9] Similarly, two sets of prepreg-sheet laminating 
devices 41 , 42 and 51 , 52 are arranged on the left and 
right sides of the core 10. 

[0020] As explained, the cross-sectional structure of 
the FRP square pipe comprises eight layers of prepreg 
sheets laminated on each side. 
[0021] A release film is applied to the outside of the 
prepreg sheets laminated into a square pipe form by the 
prepreg sheet laminating device. The release film taken 
out from supply reels 71 and 72 are superposed to the 
surface of the prepreg sheets by guide rolls 71a and 
72a. 

[0022] The prepreg sheets laminated into the shape 
of a square pipe is sent to a hot press device 1 00. Prior 
to this hot press treatment, the laminated sheets are 
conveyed through a pre-expansion device 80. 
[0023] FIG. 4 is an explanatory view showing the 
structure of the pre-expansion device 80. 
[0024] The pre-expansion device 80 connected to the 
end portion of the core 10 comprises an airbag 82 and 
a stainless steel belt 84 formed to the exterior of the air- 
bag 82, which is connected to a hot-press core 90. The 



hot-press core 90 has a slightly larger diameter than the 
core 10 used for laminating the prepreg sheets, and the 
diameter of the core 90 corresponds to the inner-diam- 
eter size of the square pipe to be manufactured. 

5 [0025] The prepreg sheets laminated into the shape 
of a square pipe on the prepreg-sheet laminating core 
1 0 are not yet sufficiently pressed together, and air bub- 
bles may exist between the laminated sheets. 
[0026] The pre-expansion device 80 provides expan- 

10 sion force or tension from the inside of the laminated 
body of prepreg sheets, and completes the lamination 
of the sheets. 

[0027] The steel belt 84 is mounted in a tapered state 
having widening ends, and the inner airbag 82 is capa- 

15 ble of expanding and contracting. 

[0028] The work piece (square pipe) formed of pre- 
preg sheets Is pulled Into the hot-press device In a step- 
wise fashion by a pulling device explained later. 
[0029] Corresponding to the stepwise movement of 

20 the work piece, air is supplied to the airbag 82 through 
an air passage 92. 

[0030] The airbag 82 provided with air presses the 
square pipe outward from the inside thereof through the 
steel belt 84. 

25 [0031] This pressing force expands the inner diame- 
ter of the square pipe forcibly. This pre-expansion proc- 
ess provides more strength to the laminated body of pre- 
preg sheets, which is then sent to the hot-press core 90. 
[0032] FIG. 5 is an explanatory view showing the lay- 
so out of a hot press 1 00, a postcure furnace 1 1 0 which is 
an additional heating furnace, a work clamp device 1 20, 
and a pulling device (puller) 1 30 for pulling the product. 
[0033] The hot press device 1 00 heats and pressuriz- 
es the prepreg sheet material laminated in the form of 
35 a square pipe for a predetermined time from the outside 
using a heated mold, thereby promoting the curing of 
thermosetting resin impregnated to the sheet material. 
[0034] The hot-press core 90 penetrates the mold of 
the hot press device 1 00 and protrudes from the outer 
40 end. 

[0035] The heating temperature and the heating time 
are selected appropriately according to the property of 
the prepreg sheet material. 

[0036] The hot-pressed and formed square pipe prod- 
45 uct is then transmitted to the postcure furnace 11 0. The 
postcure furnace 110 heats the square pipe passing 
therethrough at a predetermined temperature for a pre- 
determined time, thereby completing the cure of the 
thermosetting resin in the prepreg sheet. 
so [0037] The clamp device 1 30 provided at the exit end 
of the postcure furnace 110 grips and fixes the continu- 
ously conveyed square pipe body. The prepreg sheet 
material supplied to the prepreg-sheet laminating core 
is provided with tension that pulls the material toward 
55 the supply reel. Therefore, the laminated prepreg sheet 
material is constantly pulled backtoward the supply reel. 
The clamp device holds the square pipe product against 
this returning force. 
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[0038] The pulling device 130 is equipped with a 
means for gripping the square pipe product and moving 
back-and-forth along the direction of the arrow. A hy- 
draulic power source is used to provide the back-and- 
forth movement. 

[0039] FIG. 6 shows the structure of a puller core 
equipped to the pulling device. 

[0040] The puiiing device 130 includes a gripper not 
shown that grips the manufactured FRP square pipe P n 
from the outside. In order to prevent the FRP square 
pipe P n from collapsing by the gripping force, a puller 
core 150 is used. 

[0041 ] The puller core 1 50 comprises a core member 
1 52 that expands or contracts by air, and the core mem- 
ber 152 is capable of moving together with the product 
by a roller 154. 

[0042] The core member 1 52 is returned to the origi- 
nal position by a spring 156. 

[0043] When the pulling device 130 grips the FRP 
square pipe with the gripper and pulls the pipe to the 
axial direction, the core member 152 of the puller core 
150 moves together with the pulling device 130. 
[0044] When the pulling process is completed and the 
pulling device 130 is returned, the core member 152 is 
also returned to its original position by the spring 156. 
[0045] FIG. 7 is a sequence chart showing the timing 
of operation of the present invention. 
[0046] While the mold of the hot press device is 
closed, and heat and pressure is provided to the prepreg 
sheet material, the pre-expansion device 80 expands 
the prepreg sheet material to a predetermined square 
pipe diameter. 

[0047] During the hot press process, the work cramp 
device 120 grips the work piece. During this time, the 
cramp of the pulling device is opened. 
[0048] When one step of the hot press process is 
completed, the mold of the hot press is opened, the work 
cramp is released, and the pulling device Is operated to 
pull the work piece out for a predetermined length. The 
puller core follows this movement. 
[0049] The above-mentioned steps are repeated to 
manufacture the FRP square pipe continuously. 
[0050] The continuously formed FRP square pipe is 
cut into predetermined lengths by a cutter not shown, 
thereby providing the desired product. 
[0051] The present invention provides a device for 
manufacturing an FRP square pipe continuously, that 
involves laminating prepreg sheets in the form of a 
square pipe, and providing treatments such as hot press 
and postcure to the pipe. 

[0052] According to the invention, the laminating 
process of the prepreg sheets is automated, and a high- 
quality FRP square pipe is manufactured efficiently. 



Claims 



square pipe using a prepreg (semi-cured preim- 
pregnated material prepared by impregnating ther- 
mosetting resin to carbon fiber or glass fiber); said 
forming device comprising 

5 

a plurality of devices for sequentially laminating 
a necessary number of prepreg sheets on the 
surface of a square-column-shaped core cov- 
ered with a release film, said core having an 

10 outer diameter that is smaller than the inner di- 

ameter of the square pipe to be formed; 
a device for applying a release film to the out- 
ermost layer of the laminated prepreg sheets; 
a device for expanding said prepreg sheets in 

15 the radial direction so that the inner diameter of 

said sheets corresponds to the inner diameter 
of said square pipe to be formed; 
a hot press device for applying heat and pres- 
sure to said prepreg sheets; 

20 a heating furnace for additionally heating said 

hot-pressed prepreg sheets; and 
a device for pulling and fixing the square pipe 
formed of said prepreg sheets. 

25 2. A continuous forming device of an FRP square pipe 
according to claim 1 , wherein each of said prepreg 
sheets being laminated on said square-column- 
shaped core has a width that covers two adjacent 
outer surfaces of said square column. 

30 

3. A continuous forming device of an FRP square pipe 
according to claim 1 , wherein said devices for lam- 
inating said prepreg sheets on the surface of said 
square-column-shaped core are positioned outside 
35 each corner of said core, and each device is 
equipped with a supply reel for supplying said pre- 
preg sheets and a roller for bending and laminating 
said prepreg sheets onto the surface of said core. 

40 4. A continuous forming device of an FRP square pipe 
according to claim 1 , wherein said device for pulling 
and fixing said square pipe formed of prepreg 
sheets is equipped with a square-column-shaped 
rubber tube to be positioned inside the formed pipe 

45 for preventing said pipe from collapsing, and said 
tube is capable of expanding and contracting cor- 
responding to the gripping timing of said formed 
pipe. 

so 5. a continuous forming device of an FRP square pipe 
according to claim 1 , wherein said device for radially 
expanding the inner diameter of said square pipe to 
be formed, said hot press device, said puiiing and 
fixing device, and the expanding and contracting of 

55 said tube included in said pulling and fixing device 
are all controlled to correspond to each other. 



1. A continuous forming device for forming an FRP 
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(54) Continuous forming device of FRP square pipe 



(57) A device 1 for continuously manufacturing an 
FRP square pipe includes a core 1 0 having a long length 
for laminating prepreg sheets thereto, and prepreg 
sheets are supplied from prepreg-sheet laminating de- 
vices 20, 30, 40, and 50 to said core 10 covered with a 
release film, said laminated sheets laminated into the 
shape of a square pipe. Said core 10 has an outer di- 
ameter size smaller than the inner diameter size of the 
square pipe to be manufactured. A p re-expansion de- 



vice 80 expands said laminated prepreg sheets to the 
shape of a square pipe having a predetermined inner 
diameter size, and a hot press device 100 heats and 
pressurizes the pipe. The pipe is then additionally heat- 
ed in a postcure furnace 110 to complete the forming 
process. A pulling device 1 30 arranged downstream of 
a cramp device 120 pulls out said square pipe intermit- 
tently. A cutter not shown cuts said square pipe to pro- 
duce the desired product. 
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